ABSTRACT In many insect species, females can mate more than once and store sperm from more than one male. An assessment and understanding of polyandry in the Þeld can be important for pest species with a high colonization potential, such as the Mediterranean fruit ßy, Ceratitis capitata (Wiedemann), which is also highly polyphagous and among the most destructive agricultural insects. The use of polymorphic microsatellite markers, combined with different statistical approaches, provides evidence that polyandry occurs in two C. capitata natural populations, one population from the Greek island of Chios and one population from Rehovot, in Israel. The observed different level of polyandry is discussed in relation to the genetic diversity, seasonality, and demography of the two populations. When polyandry is present, paternity analysis also indicates that one male, presumably the last, tends to sire most of the progeny. Polyandry and paternity skew may have important implications for the evolution of the species, in terms of maintenance of the genetic variability. Moreover, these aspects of the mating behavior, i.e., remating frequency and paternity skew, may locally affect the sterile insect technique, the most commonly applied control strategy against C. capitata.
Females of many insect species can mate several times during their life span and store sperm from more than one male (Ridley 1988 , Simmons 2001 . The latter phenomenon permits postcopulatory selection in the forms of sperm competition and sperm displacement. The outcome of sperm competition generally follows species speciÞc patterns (Singh et al. 2002) , although differences in male quality affect the variability of these patterns (Eberhard 1996 , Simmons 2001 ). Although many studies have dealt with patterns of remating and mechanisms of sperm use in laboratory populations, relatively little is known about Þeld populations (Bundgaard et al. 2004 , Schlö tterer et al. 2005 ). An understanding of the frequency of remating, and the factors that may inßuence it, together with an understanding of the extent and the mechanisms that regulate sperm competition is particularly important for pest species with a high colonization potential, such as the Mediterranean fruit ßy, Ceratitis capitata (Wiedemann).
C. capitata is one of the most destructive agricultural insects (Liquido et al. 1990 ). It is a polyphagous tephritid species, which from its origin in eastern tropical Africa (Malacrida et al. 1998) , has spread to many regions, including the Mediterranean basin, parts of South and Central America, Hawaii, and Australia over the past two centuries (Fletcher 1989 ).
The C. capitata mating system is based on arboreal leks, where females encounter several courting males and freely select a mate (Yuval and Hendrichs 2000) . It has been hypothesized that female monogamy could be favored over polyandry because of the highly male skewed operational sex ratio at lek sites (Warburg and Yuval 1997 ) and the high copulation cost for females (Hendrichs and Hendrichs 1998) .
However, female remating has often been reported under laboratory conditions (Nakagawa et al. 1971 , Saul and McCombs 1993 , Whittier and Shelly 1993 , Blay and Yuval 1997 , Chapman et al. 1998 , Miyatake et al. 1999 and Þeld cage experiments (McInnis et al. 2002; Vera et al. 2002 Vera et al. , 2003 Shelly et al. 2004 ). Moreover, studies conducted in an open Þeld in the Greek island of Chios excluded the possibility that female remating is a laboratory artifact (Bonizzoni et al. 2002 , Kraaijeveld et al. 2005 . It has been proposed that renewal of female sexual receptivity is inßuenced by the efÞciency of the previous mating, namely, the quantity of the sperm transferred and the quality of male accessory gland secretions (Mossinson and Yuval 2003) . In the presence of remating, laboratory experiments using morphological mutants showed that the second male sired most of the progeny (between 58 and 71%) (Saul and McCombs 1993) . In addition, male sperm precedence has been conÞrmed in different laboratory studies using simple sequence repeat (SSR) neutral markers (unpublished data).
The extent of C. capitata remating in the wild may affect a wide range of evolutionary processes, such as sperm competition and sperm use, with implications for gene ßow and the maintenance of genetic diversity. Whether remating and sperm use could be inßu-enced by geographic or genomic variation is still an open question. Moreover, from an applied perspective, different levels of polyandry may locally have an effect on the efÞcacy of the sterile insect technique (SIT) (Kraaijeveld and Chapman 2004) , which is currently the most commonly applied control strategy against C. capitata (Krafsur 1998) .
In this study, we compare the remating behavior of two geographic C. capitata populations to test whether there are differences in the level of polyandry and to determine the extent of sperm use. In each population, the observed estimates of remating and sperm use were validated by comparison with simulated estimates of the same parameters.
Materials and Methods
Study Sites and Sampling. Sampling Females for Paternity Test. C. capitata females of unknown reproductive status were captured in Biolure-baited traps (Heath et al. 1996 ) from two areas: the island of Chios, Greece, and Rehovot, in the central coastal plain of Israel. The two sampling areas have been extensively used for C. capitata behavioral and demographic studies (Rivnay 1950 , Katsoyannos et al. 1998 , Israely et al. 2005 . Both localities are inßuenced by a Mediterranean climate, but slightly different seasonal ßuctua-tions affect the demography of the two populations. On Chios, C. capitata adults can be captured from June to mid-January. The peak in density is reached between the beginning of August and the end of November. The C. capitata population is maintained below a detectable level for the rest of the year, overwintering as larvae mainly in sweet oranges and mandarins (Katsoyannos et al. 1998) . In Rehovot, the seasonal ßuctuation shows a bimodal pattern. The Þrst adults occur in AprilÐMay. Due to favorable weather conditions and host availability, the spring population rapidly increases until July when it undergoes a strong bottleneck because of both high temperature and the relative scarcity of hosts. A second, but less intense burst, is observed in September, with a peak in October. In winter (JanuaryÐMarch), the number of ßies rapidly decreases to an almost undetectable level (Israely et al. 2005) . Procedures relative to sampling in Chios have already been discussed in Bonizzoni et al. (2002) . Brießy, a total of 36 wild females were collected in two batches at the same location between 8 and 10 July (19 females) and 24 and 26 July 2000 (17 females). The collected females were consequently held for 10 d in cages with artiÞcial oviposition sites (hollow, plastic hemispheres). Eggs from the 26 ovipositing females were collected every 2 d, transferred to artiÞcial diet, and raised to adulthood. In Rehovot, traps were placed late in summer 2001 (September) and in spring 2002 (AprilÐMay). Traps were in the Þeld from afternoon to mid-morning, and ßy density was generally low (Ͻ50 ßies). Twenty females in 2001 and 30 females in 2002 were removed from the traps, transported to the laboratory, and placed individually in Þve liter oviposition cages. These cages contained a dry Þg as a source of sugar and protein, a moistened cotton wick as a source of water, and a fruit for oviposition. Loquats, Eriobotrya japonica (Thunberg) Lindley, were used as oviposition hosts in 2001, and apricots, Prunus armeniaca L., were used in 2002. To ensure that other females had not oviposited in these fruit, loquats from a tree that was protected by an insect-proof net, and apricots that grew within paper bags, secured on the branches of the tree, were used. Additionally, each fruit was visually inspected before offering it to females in the laboratory. Finally, a sample of fruit of both species was held in emergence cages to ascertain that no C. capitata larvae emerged from them. In every case, no larvae emerged.
For the 2001 females, each female oviposited in one fruit. For the 2002 females, fruit were removed from the oviposition cages every 2 d and replaced with a fresh fruit. Each fruit that was removed was placed in a labeled emergence cage, which was a 250-ml, meshcovered plastic cup with a layer of vermiculite on the bottom. Mature larvae emerged from the fruit, pupated in the vermiculite, and in due course emerged as adults. Adults were killed and shipped to Italy in 100% ethanol. Females were allowed to oviposit until they died, at which time they, too, were appropriately labeled and shipped.
Additional Fly Samples. In the same localities where the previously described females were collected, two additional, random samples of ßies were collected: one sample for Chios in July 2000 (36 ßies) and one sample for Rehovot in AprilÐMay 2002 (42 ßies). These two random samples, comprising both male and females, were analyzed to determine the level of microsatellite polymorphism of the two populations.
Microsatellite Analysis. Genomic DNA was extracted from ethanol preserved ßies according to BarufÞ et al. (1995) . Sixteen microsatellite markers (simple sequence repeats; SSRs) (Ccmic 2, 3, 4, 6, 7, 8, 9, 13, 14, 15, 16, 17, 19, 23, 25, 32) previously described in Bonizzoni et al. (2000 Bonizzoni et al. ( , 2001 and in Baliraine et al. (2003) were used in this study to assess the degree of variability in the two additional random samples of ßies. The loci are distributed over four of the Þve C. capitata autosomes (A.R.M., unpublished data). The genotyping analysis was conducted following the protocol described in Bonizzoni et al. (2002) . Individuals whose genotypes could indicate remating were rescreened for conÞrmation. An individual was declared not amplifying at a locus after at least three polymerase chain reaction failures.
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Data Analysis. The accuracy of the SSR loci for parentage analysis was assessed using the two additional samples of ßies and the CERVUS program (Marshall et al. 1998 ). The number of alleles per locus, their frequency, the frequency of the allele taking into account any null allele present (Summers and Amos 1997) , and the observed and expected heterozygosities were calculated. Two other estimates were also calculated: the average polymorphic information content (PIC), taken across loci (Hearne et al. 1992) , and the average exclusion probability (Excl), i.e., the probability of excluding a randomly chosen candidate parent from parentage of an arbitrary offspring, given the genotype of the offspring and that of the known parent, the mother. The simulation option was applied to estimate the resolving power of our SSR loci, for paternity assessment. Simulation parameters were as follows: 1,000 cycles, three candidate parents, 1.00 as the proportion of sampled candidate parents, 1.00 as the proportion of typed loci, 0.01 as the proportion of mistyped loci. CERVUS uses the results of the simulation to evaluate the conÞdence in parentage of the most likely candidate parent (i.e., the one with the largest likelihood ratio). A LOD score is subsequently derived based on the likelihood ratio at each locus; the difference between the LOD scores of the most likely candidate parent and the second most likely candidate parent is deÞned as ⌬ (Marshall et al. 1998) .
Deviations from HardyÐWeinberg expectations (HWE) were computed using GENEPOP version 3.1 (Raymond and Rousset 1995) . An exact test of HardyWeinberg proportions was performed for loci with less than Þve alleles. For loci with Þve alleles or more, an unbiased estimate of the exact probability was obtained using the Markov chain method of Guo and Thompson (1992) for each combination of locus and population.
The probability of allele sharing (aS) among individuals within a population was calculated as the sum of the squared allele frequencies at each locus, multiplied over all loci (Palmer et al. 2002) .
The analysis of maternal and offspring genotypes from Þeld-collected females was accomplished using the computer software GERUD 1.0 (Jones 2001) . Paternity analysis was applied to the wild females that produced at least 12 offspring, to determine the minimum number of males contributing to the progeny arrays and to reconstruct the paternal genotypes.
To compare the remating frequencies from Chios and Rehovot, the probability of correctly detecting two fathers was derived using the program GERUDsim 1.0 (Jones 2001) . The program created simulated progeny arrays based on the population allele frequency data of the loci under consideration, with a limit of four loci, and then used the GERUD 1.0 algorithms to determine the number of fathers contributing to the array. This series of steps was performed repeatedly and the results tallied. The simulated results were compared with the frequency of actual rematings detected in the Chios and Rehovot Þeld broods, and the difference in remating frequency was tested by a G test of independence (Sokal and Rohlf 1981) .
In addition, a Bayesian method was used to estimate parameters of multiple mating and sperm displacement. The Bayesian remating parameter ␣, related to the number of mates per female, and the sperm displacement parameter ␤ (i.e., the proportion of offspring sired by the last-mating male) were estimated from our brood data, using the program SCARE (Jones and Clark 2003) , through a Monte Carlo Markov Chain (MCMC) procedure. The mean number of fertile males per female, M, was deduced from the parameter ␣, using the formula M ϭ ␣/(1 Ϫ exp {Ϫ␣}) (Beatrix Jones, personal communication). The SCARE program assumes that all the loci are unlinked. If the loci are linked, the number of different gametic types for each doubly heterozygous male might be reduced. Sperm competition is modeled so that the last male to mate is assumed to sire a ␤ proportion of the progeny (Bundgaard et al. 2004) . A graph of the posterior distribution of the estimated parameters also was derived, allowing assessment of conÞdence in the estimates.
Results
Sensitivity of Paternity Analysis. The two random samples from Chios, Greece, and Rehovot, Israel, were used to assess the sensitivity of the paternity analysis. Results from CERVUS (Marshall et al. 1998) (Table 1) and GENEPOP (Raymond and Rousset 1995) show that the studied SSR loci are in HardyÐWeinberg equilibrium, after Bonferroni correction (Rice 1989) . Table 1 lists the SSRs-derived parameters important to assess the accuracy of the parentage analysis. The most informative SSRs loci are four in Chios (Ccmic8, 3, 17, and 13) , and nine in Rehovot (Ccmic2, 6, 15, 17, 25, 3, 32, 13, and 23) . For equity, the comparison between the two populations will be based on the four most informative loci in each population; in Rehovot they are those with the highest PIC (Ccmic2, 6, 15, and 17) . Results obtained with all nine loci in Rehovot also are reported.
The combined exclusion powers of 72.50 and 84.79% were respectively derived for Chios and Rehovot (Table 1); when in Rehovot all nine loci were considered, the exclusion power was 93.78%. When the mother is known, the likelihood-based simulation estimated 80.02% correct paternity assignment (⌬ ϭ 1.62; 95% conÞdence) in Chios versus 87.87% (⌬ ϭ 1.87; 95% conÞdence) in Rehovot. With the nine loci in Rehovot, the correct paternity assignment would be 95.78% (⌬ ϭ 3.52; 95% conÞdence). The lower value of the predicted success rate for Chios could be due to its lower SSR variability and its higher level of allele sharing (in Chios, aS ϭ 0.046; in Rehovot, aS ϭ 0.015; 0.002 with all nine loci), which could mask remating.
Observed Remating Frequency. In Chios, 26 of the 36 wild-caught females (72%) produced progeny giving a total of 681 individuals, all of which were scored at the four most informative SSR loci. Among the 26 females, 18 had at least 12 offspring. Paternity analysis (GERUD 1.0) was performed on these 18 mothers and their progeny (mean offspring/female ϭ 31.39). The analysis revealed remating in one family (Table 2) , giving a remating frequency of 5.5%. As in the family with remating two fathers contributed to the brood, the observed mean number of mates per female, M, is 1.06.
In the family with remating, the proportion of progeny that could be unambiguously assigned to one father was 10 of 21, i.e., 48%. This value reaches a maximum of 95% if the progeny that could have been sired by both fathers are all attributed to this father, assumed to be the second (P 2 ϭ 0.48 Ð 0.95) ( Table 2) .
In Rehovot, of the 20 females from September 2001 and the 30 collected in AprilÐMay 2002, respectively, three (15%) and nine (30%) produced progeny giving a total of 422 individuals, all of which were scored at the four and also at all the nine informative loci. Paternity analysis was performed on the eight females . When all the nine loci were considered, the families showing remating were the same, but in one of these families, the 24-02, a minimum of three fathers was required to explain the progeny array (Table 2) . Consequently, a remating frequency of 50% is calculated, but depending on how many loci are considered M ranges from 1.5 to 1.6, with data from four and nine loci, respectively. Considering the four families with remating, P 2 ranged between 15 and 99%, with four loci and between 37 and 99% when all nine loci are used.
Expected Remating Frequencies and Reliability of Parentage Analysis. Allele frequency data of the two random samples collected in Chios and Rehovot, and based on the four most informative loci for both samples, were used in the simulation (GERUDsim 1.0) to compute the probability of detecting two fathers under different conditions of progeny size (10, 34, or 50) and paternity skew (50, 60, or 70%). Results are summarized in Table 3 . The capacity to detect remating seemed to be inßuenced more by the number of progeny than by paternity skew. In all the tested conditions, the probability of detecting remating was higher in Rehovot than in Chios.
Based on these simulations, and given a progeny size of 34, we should have detected only Ϸ63% of the double matings in Chios. Thus, given that we detected only one remating in Chios, the expected number of rematings would be 1.6, suggesting that 9% of the females would have mated more than once with an average number of mates per female, M, of 1.088. In Rehovot, the four observed rematings represent Ϸ92% of the predicted number of rematings, giving an expected number of 4.35 rematings in our sample. This suggests that 54% of females would have mated more than once and that the estimated M is 1.540. In sum- The loci are listed based on their decreasing PIC (CERVUS; Marshall et al. 1998 ). a Only one allele was found at loci Ccmic2, 4, and 7 in Chios and at loci Ccmic4 and 7 in Rehovot. Loci Ccmic15, 23, 25 , and 32 were not tested in Chios.
b The minimum and the maximum allele frequency observed. c Exclusion probability (Excl). d Estimates of null alleles segregating at each locus were derived using an iterative algorithm based on the difference between observed and expected frequency of homozygotes (Summers and Amos, 1997 c P, proportion of progeny assignable to each father. For each father, the minimum P value was derived dividing the number of its exclusive progeny over the total offspring; the maximum P value was calculated Þrst summing its exclusive progeny to the "assignable to all fathers" progeny and then dividing this sum over the total offspring.
mary, expected values of M are consistent with those derived from direct observation in the motherÐ offspring paternity tests in both populations.
G tests of independence were applied to test whether there were differences in the observed remating frequency between Chios and Rehovot. The test was signiÞcant at P Ͻ 0.025 (df ϭ 1, G ϭ 5.88).
Bayesian Model for Breeding Behavior. Another estimate of the expected remating frequency comes from the Bayesian analysis of the motherÐ offspring genotypes data in the two populations. The number of mates per female, M, and the proportion of offspring from the supposed last-mating male, ␤ were estimated by a MCMC using the model in the SCARE program (Jones and Clark 2003) . Histograms of 10,000 samples from the posteriors of M and ␤ for Chios and Rehovot are shown in Fig. 1 .
In Chios, the 95% credible interval range for M and ␤ were respectively M ϭ 1.150Ð2.014 (average ϭ 1.476) and ␤ ϭ 0.803Ð0.950 (average ϭ 0.886). In Rehovot, the 95% credible interval ranges for M and ␤ were M ϭ 1.606Ð4.087 (average ϭ 2.588) and ␤ ϭ 0.637Ð0.818 (average ϭ 0.733). These values vary slightly when considering all nine loci: M ϭ 1.557Ð3.9153 (average ϭ 2.448) and ␤ ϭ 0.687Ð0.825 (average ϭ 0.760). In Chios, simulation was run on Ccmic3, 8, 13, and 17 data; in Rehovot, simulation was run on data of the four SSR markers with the highest PIC (Ccmic2, 6, 15, and 17) . 
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Discussion
As shown for different insect species such as crickets (Bretman and Tregenza 2005) and various Drosophila species (Imhof et al. 1998 , Bundgaard et al. 2004 , Schlö tterer et al. 2005 , the use of polymorphic microsatellite markers combined with the application of different statistic approaches is a robust method allowing the inference of the level of polyandry in wild populations from a relatively low number of insects.
Accordingly, we provide evidence that polyandry occurs in C. capitata natural populations and that, in the presence of remating, one male, presumably the last, tends to sire most of the progeny. Moreover, our results indicate that the level of polyandry may vary among populations.
Frequency of Remating. As it is typical for Þeld-based studies on remating, both in Chios and Rehovot populations no experimental control was possible on the age of the collected ßies, on the number of times that each C. capitata female mated, on the length of the copula, and on the interval between matings. The same lack of control is true for other variables, which have already been shown to impact C. capitata mating behavior, such as the ßy nutritional status and the male mating status (virgin/mated) (Eberhard 2000 , Yuval and Hendrichs 2000 , Mossinson and Yuval 2003 . Despite the lack of this comparative information, multiple matings were ascertained both in Chios and Rehovot. It is clear that the polyandry parameter estimates are derived only from paternity tests; therefore, they are conservative, and the number of mates that each female has during her lifetime may be higher. According to the present results, not only the variability of the SSR loci, i.e., the number and the relative frequency of the alleles, but also the number of loci scored seem to inßuence the accuracy in the assessment of polyandry parameters.
Both the GERUD and the Bayesian estimates of the mean number of the observed fathers per female, M, are signiÞcantly lower in Chios than in Rehovot. Because of the higher allele sharing, in Chios the discrimination power of the used loci is lower than in Rehovot, revealing 63% of the actual rematings, compared with 93% in Rehovot. Even when related to the predicted total number (100%) of the rematings, in our experimental conditions, the expected value of M is still lower in Chios than in Rehovot (1.09 versus 1.54). Moreover in the Bayesian analysis, the average M value in Chios is almost one-half (M ϭ 1.476) of that estimated in Rehovot (M ϭ 2.588), and the two distributions only partially overlap, suggesting differences between the two populations. The lower number of females analyzed in Rehovot, associated with the higher rate of remating in both the Israeli collections, with respect to Chios, renders the observed difference between the populations even more reliable. Various factors, which may be interrelated, could be responsible for the observed difference.
Genetic diversity? Our two research areas, Chios and Rehovot, harbor well-established C. capitata populations, which share a relatively recent common evolutionary history (Malacrida et al. 1998) . As a consequence, they show a moderate level of genetic differentiation, Fst ϭ 0.164, P Ͻ 0.05 (Bonizzoni et al. 2004 ). Therefore, it is possible that the distinct genetic background of the two populations had an effect on the extent of the observed remating estimates. It has been hypothesized that different C. capitata strains may differ in male stimuli and in female responsiveness (Jang et al. 1998) and that the tendency to remate may be adaptable and heritable in various strains (Saul and McCombs 1993) . In laboratory experiments, Whittier and Shelly (1993) showed that remating was adaptive as multiply mated females had a signiÞcantly higher reproductive output than once-mated females.
Seasonality and/or Demography? Both Chios and Rehovot populations follow a seasonal Mediterranean pattern, but slightly different climatic conditions inßuence the seasonal ßuctuations of these two populations (Rivnay 1941 , Katsoyannos et al. 1998 , Israely et al. 2005 ). On Chios, ßy sampling spanned July 2000, when the population was still expanding, but had already reached a moderate size (Katsoyannos et al. 1998) . The Israeli ßies were collected in September 2001 and in AprilÐMay 2002, which, in the Þrst date, is at the beginning of the autumn burst, and, in the latter date, at the beginning of the spring burst. Field data from baited traps in both these periods indicated that ßy density was low. Taking into account that C. capitata has a high intrinsic rate of increase (Liedo and Carey 1996) , it is reasonable to suppose that, at the time of our collections, the Rehovot population was largely composed of young ßies. An indirect observation supporting this hypothesis is the lower percentage of Israeli females ovipositing (15% in September and 30% in AprilÐMay). In C. capitata females, the receptivity to a second mating has been reported to negatively correlate with female age (Chapman et al. 1998, Kraaijeveld and Chapman 2004) . Moreover, mated males seem to be more efÞcient at inhibiting remating than virgin males (Vera et al. 2002) . Therefore, a physiological parameter, such as the average younger age of the Rehovot ßies with respect to the Chios ßies, may account for the higher frequency of remating that was observed in Rehovot.
Sexual Selection? Kaneshiro (1989 Kaneshiro ( , 2000 suggested that, under conditions of small population size, choosy C. capitata females, that cannot encounter males satisfying their courtship requirements, might undergo a physiological change resulting in a lower receptivity threshold, thus increasing the chance of mating. That such a scenario occurred in Rehovot during the time of our sampling cannot be excluded.
Paternity Skew and Sperm Use. Observed values of P 2 indicate that one of the two ascertained fathers sired from 48 to 95% of the progeny in Chios and from 15 to 99% in Rehovot. The midpoint for Chios would be 71.5% and that for Rehovot 57%.
Accordingly, the SCARE simulations on the breeding behavior of the two natural populations (Bundgaard et al. 2004 ) strongly indicate that C. capitata populations exhibit high sperm precedence: ␤ ϭ 0.89 and 0.73 for Chios and Rehovot, respectively. The structure of the female reproductive apparatus suggests that the system of sperm storage and use is complex. Marchini et al. (2001) and Twig and Yuval (2005) analyzed the functions of the two types of C. capitata sperm storage organs, i.e., the two spermathecae and the fertilization chamber, in relation to insemination, fertilization, and their control. Spermathecae function as long-term storage organs, whereas the fertilization chamber acts as a staging point for fertilizing sperm. Live sperms were found in both organs up to 18 d after mating; moreover, whereas in the fertilization chamber a fairly constant number of sperm was detected from 3 to 18 d after mating, in the same time frame, sperm decreased in the spermathecae (Twig and Yuval 2005) . Consequently, Twig and Yuval (2005) concluded that the use of both sperm storage organs allows females to manipulate ejaculates by diverting and segregating them adaptively. Obviously, the storage of sperm from more than one male generates the opportunity for sperm competition and/or sperm choice. Which mechanism is responsible for the high level of sperm precedence we both observed and simulated is still an open question. From the SCARE simulation, and at a very preliminary level also from our progeny analyses, the extent of paternity skew seems greater in Chios than in Rehovot, where a higher frequency of remating was observed. This Þnding introduces the interesting question of understanding the evolutionary relationship (if any) between sperm allocation, remating frequency and sperm displacement (Bundgaard et al. 2004) in C. capitata.
In conclusion, whatever the reasons for the differences in remating frequencies and paternity skew observed between the Chios and Rehovot populations, polyandry and sperm precedence seem to be normal behaviors in the wild. Besides having possible implications for the maintenance of genetic variability, and consequently the evolution of the species, these aspects of the mating behavior may locally affect SIT applications. The C. capitata control programs based on SIT rely on the release of mass-reared, sterilized males into the target wild population, which should mate with wild females reducing the production of viable offspring (Knipling 1955 ). Kraaijeveld and Chapman (2004) showed that the low mating competitiveness of sterile males increases the probability of fertile matings. Although a high remating rate may exacerbate the problem of the low mating success of sterile males, the level/direction of paternity skew may add further uncertainties to be considered along with population variation in the overall mating behavior.
